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Objectives: To evaluate the role of the end-diastolic velocity (EDV) in the common carotid artery (CCA) as a marker of 
internal carotid artery (ICA) occlusion. 
Design, Validation of retrospective data in a prospective clinical study. 
Methods: The EDV in 94 patients with total ICA occlusion and in 24 patients with high grade (95-99%) unilateral ICA 
stenosis identified on extracranial carotid colour-flow Duplex imaging (CFDI) and arteriography was reviewed, and was 
retrospectively compared to the EDV of 176 normal individuals. Identification of patients with ICA occlusion was most 
accurate (99.3%) with an ipsilateral EDV ~_ 12cm/s and a DIFF ~- lOcm/s (DIFF = contralateral EDV-  ipsilateral EDV). 
These values were then prospectively applied to all 886 patients (67 with high grade stenosis or occlusion) who underwent 
CFDI at our institution during 1994. 
Results: The EDV<_ 12 had a 92% sensitivity, a 99.4% negative predictive value (NPV) and a 85% specificity in 
distinguishing between occluded and patent ICA's. In combination with a DIFF ~ 10 was 80.4% sensitive and 97.5% 
specific. The positive predictive value of the EDV ~ 12 in the distinction between 95-99% ICA stenosis and ICA occlusion 
was 78.3%, and that of the combination was 85.4%. The EDV was rarely zero and 10% of patients with normal or 
minimally diseased ICA's had an EDV~ 12 and~or a DIFF >_ 10. 
Conclusions: The EDV <_ 12cm/s is a sensitive marker of ICA occlusion with a high NPV and in combination with the 
DIFF >-lOcm/s, is specific. Nevertheless, EDV parameters are inaccurate in the distinction of 95-99% ICA stenosis from 
occlusion. Low EDV can be found in a number of patients with minor or no ICA disease, particularly in those with a stroke 
or silent cerebral infarct. 
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Introduction 
Carotid bifurcation ultrasonography has recently been 
promoted as the only method in the management of 
patients with extracranial carotid artery disease. 1-3 If 
not so, at least it is regarded extremely useful in 
identifying the minority of patients who need arter- 
iography. 4 The high accuracy of Duplex ultrasonog- 
raphy to detect and grade stenoses, especially those 
greater than 50%, is very convenient clinically. 5-7 
However, whether the clinical impact of the method is 
preserved or not in distinguishing subtotal (95-99% 
diameter stenosis) from total occlusion of the internal 
carotid artery (ICA), still remains a challenge. This 
distinction is essential, for operation is only rarely 
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indicated on chronic carotid occlusion, s Colour-flow 
Duplex imaging (CFDI) enriched with the "slow- 
flow" technology seems to effectively eliminate such 
inaccuracies. 6'7'9"1° Numerous findings of both con- 
ventional duplex and CFDI have been correlated with 
the advent of ICA occlusion. 11-13 Of the indirect ones, 
"externahsation" of the common carotid artery (CCA) 
flow waveform on the affected side has been implied, 
with steep upstroke in systole and flow to zero during 
diastole, reflecting increased vascular esistance and 
altered haemodynamics. ~1' 14-17 This is in contrast with 
the contralateral CCA which maintains flow in dias- 
tole, if it supplies a less severely stenosed ICA 
11.17 (asymmetry). ' Nevertheless, there has not been 
neither clear definition of "flow to zero" and external- 
isation -in terms of absolute numerical values of end- 
diastolic velocity in the ipsilateral CCA (EDV)-nor of 
flow asymmetry between the two CCAs (DIFF = 
1078-5884/96/020140 + 08 $12.00/0 © 1996 W. B. Saunders Company Ltd. 
Carotid Artery Occlusion 141 
contralateral CCA end-diastolic velocity minus ipsi- 
lateral EDV). More so, it remains unclear whether flow 
to zero means that EDV is actually zero. The present 
study was conducted to investigate the value of EDV 
as measured by CFDI, in the detection of 95-99% ICA 
stenosis or total ICA occlusion. 
Patients and Methods 
We reviewed all diagnoses of higher than 95% 
unilateral ICA stenosis (including unilateral occlu- 
sions) in patients who had undergone both CFDI and 
cerebral arteriogram at St. Mary's Hospital from 1991 
to 1993. Velocity data from both CCAs were evaluated 
in patients in whom both tests agreed perfectly, as well 
as in 176 normal individuals. Cut-off points of 
ipsilateral CCA-EDV_ 12 cm/s and DIFF > 10cm/s 
were found the best to identify patients with greater 
than 95% ICA stenosis. In order to validate these 
values, we then prospectively tested them in all 886 
patients that were examined by CFDI at our institution 
during 1994. The data were analysed to determine 
their prevalence and their impact on diagnosis of ICA 
severe stenosis or occlusion, as made by CFDI. 
Retrospective study 
The reports of all 2978 patients who were examined by 
CFDI since early 1991 and up to the end of 1993 were 
reviewed. Ultrasonic diagnosis of unilateral 95-99% 
ICA stenosis or occlusion was made in 177 patients 
during that period. These 177 patients were then 
matched with all individuals who had been subjected 
to cerebral angiography at our institution during the 
same time period. Only patients who had both tests 
done within 30 days were selected for the study. Cases 
with poor quality arteriograms (4 patients), with 
severe innominate artery (1 patient) or proximal CCA 
stenosis (3 patients), CCA dilatation (1 patient), and 
unusual anatomic variations of carotid vessels (4 
patients) were all excluded. Thus, 131 patients were 
available for the study. Velocity data were finally 
analysed in 24 patients with unilateral 95-99% ICA 
stenosis (18 men, 6 women, mean age 64.4 years, range 
58-84) and in 94 patients with unilateral ICA occlusion 
(63 men, 21 women, 66.8 years, range 43-83), in whom 
both. methods agreed perfectly. Unilateral 95-99% ICA 
stenosis or occlusion meant hat the contralateral ICA 
was less than 95% stenosed i.e. from 0% to 95%. 
CCA-EDV of the ipsilateraal to 95-99% or 100% ICA 
stenosis side as well as DIFF were assessed in all 
patients. The same EDV variables were evaluated in 
176 normal individuals (111 men, 65 women, 64.5 
years, range 22-94). The cohort of the normal group 
was consisted of hospital staff members, their relatives 
and vascular patients' relatives. Their age and sex 
were similar to those of patients who had near total or 
total ICA occlusion. Selection was based only on their 
histor~ possibly excluding the presence of any clini- 
cally apparent systemic disease such as diabetes, 
cerebrovascular, cardiovascular, kidney, lung, liver or 
collagen disease. Those receiving vasoactive or anti- 
hypertensive drugs were also excluded. A normal scan 
was a prerequisite for entry in the study and meant a 
less than 15% diameter stenosis in any extracranial 
carotid artery, with no abnormalities suspected in any 
other detectable vessel as well. 
Scattergrams were constructed plotting EDV and 
DIFF for all three groups as well as EDV against DIFF. 
Total ICA occlusion correlated best with ipsilateral 
CCA EDV~12 cm/s and with DIFF_10cm/s. No 
worthwhile cut-off point could define patients with 
95-99% from those with total ICA occlusion. 
Prospective study 
Study patients consisted of all 886 individuals that 
were examined at our laboratory in 1994. CFDI 
velocity data from all the CCAs were distributed 
against different degrees of ICA stenosis, which were 
determined using standard CFDI criteria. Follow-up 
patients who progressed in ->95% ICA stenosis, 
patients with undefined vessels, with carotid dissec- 
tion, with severe CCA disease, and post -carotid 
surgery patients were excluded from analysis. Finally, 
802 patients were available for evaluation. Sixteen 
patients were found to have 95-99% ICA stenosis and 
51 occlusion by CFDI; Demographics and medical 
history were also reviewed. 
Ultrasonography 
A Hewlett-Packard Sonos 1500 computed sonographic 
system with a 4.5/5.5 MHz linear array transducer (5 
MHz pulsed Doppler) was used for scanning all 
patients, in both studies, with the same examination 
technique. Three doctors and three sonographers with 
special training in cerebrovascular scanning were 
performing the tests in a random rota during the 
study period using a standard protocol. They were 
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unaware of the cut-off points settled in the retro- 
spective study, thus avoiding biased measurements 
during 1994. Patients were examined in the supine 
position after some minutes of relaxing. Both cross- 
section and longitudinal views of carotid vessels were 
typically obtained from all testable sites in the neck, 
from the most proximal CCA to the more distal ICA. 
Subclavian and vertebral arteries were also examined. 
Pulsed Doppler measurements were obtained at 60 ° 
insonation angle. The smallest possible sample vol- 
ume was usually placed at midstream and parallel to 
the vessel umen. Velocities in the CCAs were meas- 
ured at their distal third (usually within 2 cm from the 
carotid bulb); in the ICA, at the assumed point of 
maximal stenosis, as well as proximal and distal to 
that point. EDV was measured just before the systolic 
upstroke of the following pulse, at the upper part of 
the spectral line. In the presence of artrial fibrillation 
or other arrhythmia, 10 consecutive measurements 
were made for either systolic or diastolic velocities 
and the average was taken into account. Velocities 
picked up in tortuous or kinked sites were not 
encountered. The same criteria were used for grading 
ICA stenosis in both studies (Table 1). 
The diagnosis of occlusion was made when spectral 
or colour Doppler flow could not be obtained from the 
well visualised ICA on B-Mode imaging, while at the 
same time the ECA had been clearly identified. 
Tapping of the ipsilateral temporal artery for delinea- 
tion of ECA and its branches is routinely used at our 
laboratory. The presence of echogenic material filling 
the lumen in a subnormal sized vessel lacking of 
arterial pulsations and the presence of reversed flow 
just before the obstruction (stump or "blue cup"), were 
helpful cofeatures. Additional findings that helped 
alerting the examiner to the presence of a high-grade 
ICA stenosis or occlusion included: (a) dampened 
ipsilateral CCA flow velocities relative to the con- 
tralateral ones ("externalisation" of the CCA), (b) low 
resistance ECA flow waveform, and (c) increased 
relative ECA caliber ("internalisation" of the ECA). 
When occlusion was suspected, the instrument was 
adjusted for the slowest pulse repetition frequency 
(PRF) in a decreased colour sampled area and at the 
highest possible receiver colour gain so not to produce 
extreme artifacts. Care was taken to scan in many 
angles so that insonation angle not to be perpendicu- 
lar to flow. The pulsed Doppler sample was enlarged 
to cover the whole suspected area and sampling was 
obtained at high gain and at high power output with 
the wall filters set to minimum. Special care was taken 
to avoid reporting baseline artifacts as dampened 
flow. 
The diagnosis of 95-99% ICA stenosis was made 
when trickle flow by pulsed Doppler (very low and 
dampened velocit3~ lacking of pulsatility) or by colour 
Doppler (flashes of colour or string flow along the 
course of the ICA) was detected under the "slow- 
Table 1. Doppler criteria for grading 0-95% internal carotid stenosis TM 
Diameter Velocities Flow characteristics 
Stenosis (%) 
0-15 PSV< 125cm / s 
16-50 PSV< 125cm / s 
51-70 PSV>125cm/s, and 
EDV<100cm/s, and 
R<15 
71-90 PSV>125cm/s, and
30>R>15 
(When EDV>135cm/s 
and/or PSV>240cm/s, 
the stenosis above 80%) 
91-95 PSV>240cm / s, and 
EDV>135cm/s, and 
R>30 
95-99 Dampened flow, almost 
continuous 
Occlusion No flow at all 
Minimal/no spectral broadening during systolic deceleration. Window present above the level 
of EDV. No turbulence (white areas) on CDFI. Colour fills the entire vessel lumen, thus 
exduding undetected onB-mode cholucent areas. Flow reversal t the bulb (boundary layer 
separation) i  normals. 
Spectral broadening during systole. No window present above the level of EDV. Turbulence 
on CDFI. Colour column compatible with less than 50% stenosis. 
Marked spectral broadening. Turbulence on CDFI. 
Marked spectral broadening. Turbulence on CDFI. 
Marked spectral broadening. Turbulence on CDFI. 
Detectable Doppler shift. Strings of colour or fluctuating flow. Re-establishment of antegrade 
ICA flow at a higher level. 
No flow at all, despite the use of slow or venous flow machine settings. 
PSV: Peak systolic velocity in ICA (at the point of maximal stenosis). 
EDV: End-diastolic velocity in ICA (at the point of maximal stenosis). 
R: PSV in ICA to end-diastolic velocity in ipsilateral CCA Ratio (PSV-ICA/EDV-CCA). 
When EDV is between 100 and 135cm/s then the stenosis likely to be 70-80%. 
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flow" adjustments of the scanner. In these cases, flow 
was reconstituted in the distal cervical ICA, without or 
with minimal pulsatility. 
Grading of stenoses relied on a combination of 
velocity criteria that we have been using in recent 
years (Table 1). The ratio of peak systolic velocity 
measured at the presumed more stenotic site of the 
ICA to the EDV in the CCA was the principal way of 
estimating > 50% ICA stenosis, as the diagram of that 
ratio against the angiographically derived grade of 
stenosis depicted. 18 
Arteriography 
Although most requests at our institution in the 
evaluation of carotid vessels are intra-venous digital 
subtraction arteriograms (IV DSA), in the presence of 
a very tight ICA stenosis or occlusion an intra-arterial 
DSA (IA DSA) with aortic arch or selective injections 
is usually performed. Only patients that were eval- 
uated by IA DSA, either selective or unselective but 
with clear cut findings obtained from at least two 
projections, were taken into account in both parts of 
this study. 
Carotid arteriograms of all study patients were 
reviewed by experienced radiologists. The diagnosis 
of ICA occlusion was made when the contrast column 
terminated at the site of obstruction. The diagnosis of 
95-99% ICA stenosis (slim or string sign) was made 
when a string of contrast was passing antegradely 
through the vessel in delayed projections at the time 
that the CCA, the ECA and its branches had been 
already filled with contrast. 
Results 
Retrospective study 
In order to assess the minimum overlap of EDV 
variables between 176 normal individuals, 24 patients 
with 95-99% ICA stenosis and 94 patients with ICA 
occlusion, three scattergrams were constructed: 
Figure I shows the distribution of ipsilateral EDV in 
the three groups. EDV< 12 cm/s  was found to be the 
best cut-off value distinguishing patients with ICA 
occlusion from the control group, as a minimum of 14 
false positive (FP) and six false negative (FN) results 
were produced by this selection. It was clear that 
patients with 95-99% stenosis could not be discrimi- 
nated from those with occlusion, in terms of EDV. 
40 
36 
32 
28 
24 
~ 20 
16 
12 
8 
4 
0 
O0 
O0 
000 
-- O0  
O0 
0000 
000000 
-- 000000 
O000000O 
O000OO0000 
000000 
-- 000000000 
000000 
00000000000 
000000000000000 
~OOO0000000000000000000 
0 
000000000 
000  
- -  00000000000 
0000000 
00000000000 
OOOOO 
OOOOO000 
OOO 
O 
0 
O 
EDV -< 12 cm/s 
Occlusion vs. Normal 
sensitivity: 93.6% 
specificity: 92% 
PPV: 86.2% 
NPV: 96.4% 
ACC: 92.6% 
Normals 
(n = 176) 
+++ •••  
kA&kAA&AA 
+ AAAAA 
~ AAAAAAAAAAA• 
++++ AAAA•AA•AAAA 
AAAAAAA 
~ AAAAAAA 
~ AAA•AAAAAA 
AA 
A•  
•AA•  
95-99% ICA occlusion 
(n = 24) (n = 94) 
Fig. 1. Scattergram showing the best cut off value for the ipsilateral common carotid artery EDV in the retrospective study. 
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Figure 2 presents the distribution of DIFF in the 
three groups. DIFF > 10cm/s defined best those with 
ICA occlusion from the normal group, as it produced 
a minimum of four FP and 11 FN results. Again, this 
parameter could not distinguish between total and 
near total ICA occlusion. 
Figure 3 illustrates EDV against DIFF for the three 
groups, presenting the effect of the combination of 
EDV~ 12cm/s plus DIFF___ 10cm/s. Only one FP and 
one FN tests were produced by these limits. More so, 
all testing parameters describing the accuracy of this 
combination of CCA end-diastolic velocity variables 
to define normals from patients with ICA occlusion 
were superior to those of the lone EDV values 
(sensitivity 98.9%, specificity 99.4%, PPV 98.9%, NPV 
99.4%, accuracy 99.3%). 
Prospective evaluation 
Table 2 presents the distribution of CCA end-diastolic 
velocity variables in all 802 patients who were 
evaluated by CFDI during 1994 against different 
grades of ICA stenosis. One hundred fifty-nine 
patients had EDV~12cm/s (20%), 83 patients had 
DIFF > 10cm/s (10.3%) and 60 had both EDV_< 12 and 
DIFF _> 10 (7.5%). It is obvious that the more severe the 
ICA disease the higher the percentage of patients who 
have low EDV characteristics, i.e. EDV_<12 and/or 
DIFF _> 10. Conversel~ the percentage of patients with 
EDV > 12 and DIFF < 10 was constantly diminishing 
with the increase of ICA diameter stenosis. 
Of patients with EDV ___ 12cm/s, 47 (29.5%) had ICA 
occlusion, 13 (8.2%) had 95-99% ICA stenosis, and 49 
(30.8%) had 0-15% ICA disease. That is, only one out 
of three examined patients having EDV_12 had 
95-99% ICA stenosis or ICA occlusion (60/159, 37.7%) 
and another third had minimal or no disease at all. On 
the other hang of 643 patients with EDV > 12cm/s, 
four (0.6%) had total and three (0.5%) subtotal ICA 
occlusion. That is, only 1% of patients with EDV > 12 
had greater than 95% ICA stenosis. 
Of patients with DIFF_10cm/s, 43 (51.9%) had 
occlusion and 9 (10.8%) 95-99% ICA stenosis. In that 
group, about wo thirds of patients with DIFF _> 10 had 
subtotal or total ICA occlusion. EDV asymmetry was 
uncommon in patients with less than 95% ICA 
stenosis (31/735, 4.2%). 
Of patients with both EDV___ 12 and DIFF a 10, 48 
(80%) had either 95-99% ICA stenosis or occlusion and 
3 (5%) minimal or no disease. On the other hang of 
620 patients with both EDV > 12 and DIFF < 10 only 3 
(0.5%) had 95-99% ICA stenosis or occlusion. 
Table 2 also indicates the number of patients with 
EDV to zero in the CCA ipsilateral to the most affected 
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Fig. 2. Scattergram showing the best cut off value for the EDV difference between the two common carotid arteries in the retrospective 
study. 
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ICA. EDV to zero was a rare finding as its prevalence 
was 2% in our study (16 patients). Only eight of them 
had ICA occlusion. 
Table 3 shows the test characteristics for all three 
EDV parameters in the distinction of patients with 
total ICA occlusion from those without occlusion. The 
most sensitive of all parameters was EDV ___ 12 alone 
(sensitivity 92.2%), which also had the highest neg- 
ative predictive value (99.4%). The most specific 
parameter was the combination ofEDV _< 12 and EDV- 
DIFF___10 (97.5%) which also had the best overall 
accuracy (96.4%), but at the same time the lowest 
sensitivity (80.4%). The positive predictive value 
(PPV) was low for all parameters, ata 6.4% prevalence 
of total ICA occlusion in the studied population. 
Regarding the distinction between 95-99% ICA 
stenosis and ICA occlusion, the positive predictive 
value of EDV _< 12 alone was 78.3%, of DIFF ~ 10 alone 
was 82.7% and of both EDV <__ 12 and DIFF ___ 10 was 
85.5 (Table 4). 
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Fig. 3. Scattergram showing the best cut off value for the ipsilateral common carotid artery EDV against he EDV difference between the 
two common carotid arteries in the retrospective study. 
Table 2. Prevalence of different EDV variables in each grade of ICA stenosis in 802 prospective study patients 
Grade of ICA EDV<_12 cm/s DIFF->10 cm/s EDV~12 cm/s EDV>12 cm/s EDV=0 
stenosis and and or 
DIFFal0 cm/s DIFF<10 cm/s 1 cm/s 
0-15% (n=520) 49 (9.4%) 7 (1.3%) 3 (0.6%) 467 (89.8%) 5 
16-70% (n=119) 18 (15.1%) 7 (5.9%) 2 (1.7%) 96 (80.7%) 0 
71-90% (n=72) 22 (30.6%) 8 (11.1%) 2 (2.8%) 44 (61.1%) 0 
-unilateral 12 5 1 30 
-bilateral 10 3 1 14 
91-95% (n=24) 10 (41.7%) 9 (37.5%) 5 (20.9%) 10 (41.7%) 1 
-unilateral 7 6 4 8 
-bilateral 3 3 1 2 
95-99% (n=16) 13 (81.3%) 9 (56.3%) 7 (43.8%) 1 (6.3%) 2 
-unilateral 12 9 7 1 
-bilateral 1 0 0 0 
100% (n=51) 47 (92.2%) 43 (84.3%) 41 (80.4%) 2 (3.9%) 8 
-unilateral 46 43 41 1 
-bilateral 1 0 0 1 
All (n=802) 159 (20%) 83 (10.3%) 60 (7.5%) 620 (83.9%) 16 (2%) 
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Table 3. Test characteristics of CCA velocity variables in the 
distinction between patients with ICA occlusion from those 
without occlusion, as assessed by CFDI (Prevalence of ICA 
occlusion :6.36%) 
No occlusion ICA occlusion Total 
EDV 
EDV>12 639 4 643 
EDV_<12 112 47 159 
Total 751 51 802 
Sensitivity 92.2%, specificity 85.1%, PPV 29.6%, NPV 99.4%, 
accuracy 85.5% 
DIFF 
DIFF<10 711 8 719 
DIFFal0 40 43 83 
Total 751 51 802 
Sensitivity 84.3%, specificity 94.7%, PPV 51.8%, NPV 98.9%, 
accuracy 94% 
EDV and DIFF 
EDV>12 and DIFF<10 732 10 742 
EDV~12 and DIFF,10 19 41 60 
Total 751 51 802 
Sensitivity 80.4%, specificity 97.5%, PPV 68.3%, NPV 98.6%, 
accuracy 96.4% 
Discussion 
The most reliable ultrasonic riterion in the presence 
of ICA occlusion is the absence of flow within the 
vessel by spectral and colour Doppler. 11-13 Flow to 
zero or marked decrease in relative ipsilateral CCA 
diastolic flow in comparison with the opposite carotid 
has been proposed as a highly significant indicator of 
a very tight ICA or occlusion, either at the bifurcation 
or at a higher, level in the neck or within the 
11 14-17 cranium. ' Externalisation of the CCA flow has 
also been reported in ~oung patients a 40 years and in 
a few older persons;  in hypertension, tachycardia, 
diminished arterial compliance, diffuse peripheral 
disease, low cardiac outputl~; and in patients with 
aortic valve insufficiencN with flow reversal during 
late systole. ~9 In these latter cases, flow to zero was 
Table 4. The Positive Predictive Values of EDV variables in the 
distinction between 95-99% ICA stenosis and ICA occlusion 
95-99% Occlusion Total 
EDV 
EDV>12 3 
EDV~12 13 
; Total 16 
PPV 47/60 (78.3%) 
DIFF 
DIFF<10 7 
DIFFel0 9 
Total 16 
PPV 43/52 (82.7%) 
EDV and DIFF 
EDV>12 and DIFF<10 1 
EDV~12 and DIFF_>10 7 
Total 8 
PPV 41/48 (85.4%) 
3 6 
47 60 
50 66 
8 15 
43 52 
51 67 
2 3 
41 48 
43 51 
commonly a bilateral finding, not related to carotid 
bulb disease. 
This study aimed to quantify EDV parameters and 
investigate their distribution among patients referred 
to our laboratory, with the aid of recent scanners 
capable of detecting flow velocities as low as 0.3 cm/ 
sec. Thus, retrospective analysis of CCA-EDV data in 
patients with angiographically confirmed ICA occlu- 
sion and in normal individuals revealed that 
EDV ___ 12cm/s or DIFF e 10cm/s were very accurate in 
identifying patients with total ICA occlusion. Fur- 
thermore, when combined, were almost ideal in this 
distinction (all indices higher than 98%, 99.3% overall 
accuracy). 
Tested prospectivel)~ EDV_<12cm/s alone had a 
considerable 92% sensitivity in the distinction of 
patients with ICA occlusion from those without, but at 
the expense of specificity (85%). Actuall)~ one third of 
patients with EDV ~ 12 had minimal or no ICA disease 
at all (49/159, 31%). Evaluation of the hospital notes of 
these 49 patients howed that four of them had a silent 
CT brain infarct, 18 had suffered a stroke, seven had 
cardiac ejection fraction lower than 30% and four had 
atrial fibrillation. In addition, DIFF e 10 was very rare 
in patients with 0-15% stenosis (7/520, 1.4%). All but 
one of these seven "normals" had a history of stroke. 
Thus, it seems possible that low or /and  asymmetric 
EDV in patients with normal cervical carotid vessels 
may be related to altered haemodynamics at a higher 
level. Patients with CT brain infarcts or history of 
stroke appear to form another category of patients 
with such CCA diastolic flow characteristics, espe- 
cially with EDV asymmetry. EDV _< 12, but especially 
EDV asymmetry, are more common in patients with 
unilateral ICA stenosis, particularly in those with 
significant disease. This seems to be in accordance 
with what has been stated in the literature regarding 
CCA flow waveform changes related with much 
higher resistance ipsilateraUy to the most severe ICA 
stenosis. 
EDV~12 had only 78% PPV in the distinction of 
patients with subtotal from those with total ICA 
occlusion whereas the combination of EDV<_ 12cm/s 
and D IFFe l0cm/s  had 85.4%, the highest of EDV 
parameters in this distinction. These figures, however, 
remain unacceptable, remembering that such a dis- 
tinction is clinically absolutely crucial. Thus, they do 
not add any worthwhile information to the CFDI 
examination of patients having severely diseased 
ICA's. However, the high negative predictive value of 
EDV ~ 12 (99.4%) may indicate that it can be used as a 
simple screen sign to exclude total ICA occlusion. The 
combination of EDV _~ 12cm/s and EDV-DIFF ~ 10cm/ 
s was the most accurate and the most specific between 
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EDV variables in distinguishing patients having ICA 
occlusion from those who had not, but with the lowest 
sensitivity and NPV. Thus, symmetric EDV > 12cm/s 
may be useful for the exclusion of ICA occlusion. 
Zwiebel has stated that the asymmetric waveform 
abnormality associated with ICA obstruction may be 
detected visually without the need of pulsatility 
measurements. 11 We believe DIFF_> 10 to be a more 
precise indicator. 
Breslau et aL reported 93% incidence of flow to zero 
in patients with ICA occlusion, 17 however we have 
found that flow only rarely went to zero and only 38% 
of patients with ICA occlusion had EDV less than 
6cm/s. This discrepancy could be explained by the 
fact that the older scanners they were using, might not 
have been sensitive enough to detect small velocity 
ranges. 
A limitation of the study was that ICA stenoses 
were graded by CFDI criteria only, in the prospective 
study. However, CFDI has been widely used in the 
evaluation of carotid bifurcation disease. In addition, 
previous studies from our laboratory have compared 
ultrasonic and arteriographic findings and validated 
18 the criteria we have used. More so, 46 patients with 
a CFDI diagnosis of 95-99% ICA stenosis or occlusion, 
were also subjected to IA DSA within 15 days from the 
CFDI during 1994. Analysis of these data revealed that 
the positive predictive value of CFDI to diagnose total 
ICA occlusion was 97.4% during 1994 ,(unpublished 
data). Reproducibility studies for velocity measure- 
ments also did not take place, as our aim was to 
evaluate velocities during routine carotid scanning. 
In conclusion, common carotid artery EDV _< 12cm/ 
s alone is a sensitive marker of ICA occlusion with 
high NPV, and in combination with DIFF ___ 10cm/s is 
highly specific for occlusion. However, EDV parame- 
ters are clinically suboptimal in the distinction 
between 95-99% ICA stenosis from ICA occlusion. 
Low and/or asymmetric EDV can also be found in a 
significant number of patients with minor or no ICA 
disease, and this may be due to a cerebrovascular 
accident or a silent brain infarct in many of these 
patients. 
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